Formation of biologically active oxysterols during ozonolysis of cholesterol present in lung surfactant.
Exposure of the lung to concentrations of ozone found in ambient air is known to cause toxicity to the epithelial cells of the lung. Because of the chemical reactivity of ozone, it likely reacts with target molecules in pulmonary surfactant, a lipid-rich material that lines the epithelial cells in the airways. Phospholipids containing unsaturated fatty acyl groups and cholesterol would be susceptible to attack by ozone, which may lead to the formation of cytotoxic products. Whereas free radicalderived oxidized cholesterol products have been frequently studied for their cytotoxic effects, ozonized cholesterol products have not been studied, although they could reasonably play a role in the toxicity of ozone. The reaction of ozone with cholesterol yielded a complex series of products including 3beta-hydroxy-5-oxo-5,6-secocholestan-6-al, 5-hydroperoxy-B-homo-6-oxa-cholestan-3beta,7a-diol, and 5beta,6beta-epoxycholesterol. Mass spectrometry and radioactive monitoring were used to identify the major cholesterol-derived product during the reaction of 2 ppm ozone in surfactant as 5beta,6beta-epoxycholesterol, which is only a minor product during ozonolysis of cholesterol in solution. A dose-dependent formation of 5beta,6beta-epoxycholesterol was also seen during direct exposure of intact cultured human bronchial epithelial cells (16-HBE) to ozone. Studies of the metabolism of this epoxide in lung epithelial cells yielded small amounts of the expected metabolite, cholestan-3beta,5alpha,6beta-triol, and more abundant levels of an unexpected metabolite, cholestan-6-oxo-3beta,5alpha-diol. Both 5beta,6beta-epoxycholesterol and cholestan-6-oxo-3beta,5alpha-diol were shown to be cytotoxic to cultured 16-HBE cells. A possible mechanism for cytotoxicity is the ability of these oxysterols to inhibit isoprenoid-based cholesterol biosynthesis in these cells.